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ABSTRACT 



An integrated circuit and method utilizes a differential input 
receiver having a first input that receives an input signal. A 
reference voltage adjustment circuit produces a variable 
reference signal for the second input of a differential input 
receiver. A feedback path is provided from the output of the 
differential input receiver to an input of the reference voltage 
adjustment circuit. The reference voltage adjustment circuit 
dynamically varies the variable reference voltage signal to 
facilitate hysteresis. The variable reference voltage signal is 
lowered in the case of a high input signal, and raised in the 
case of a low input signal. 

9 Claims, 2 Drawing Sheets 
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DIFFERENTIAL INPUT RECEIVER AND signal is filtered. However, such Schmidt Trigger receivers 

METHOD FOR REDUCING NOISE are temperature sensitive and voltage supply fluctuates may 

pass through to the output. As such, noise on the voltage 

RELATED CO -PENDING APPLICATIONS supply may not be suitably filtered. 

This is a related application to the following co-pending 5 11 has been recommended to use differential input receiv- 

applications, filed on even date, having the same inventors ers ^ a volta S e reference of a first stage of an input 

and assigned to instant assignee: receiver to meet timing requirements of high speed input/ 

i ^ « -j rfjr *• i n • jw.lj output interfaces. For example, accelerated graphics port 

1. Single Gate Oxide Differential Receiver and Method, ,a£,tv\ j j « c *l l t * i #i 

u ■ c r xt nnr\** (AGP) design guides set forth by Intel Corporation 

having Ser. No. 09/211,469, m )n ■ • 1% a * mno\ j -u ■ * • 

& ' * 10 (Revision 1.0, August, 1998) describes an input receiver 

2. Voltage Supply Discriminator and Method, having Ser. having a differential input buffer with an external voltage 
No. 09/211,115 and reference. Such a differential input receiver is suggested to 

3. Pre-buffer Voltage Level Shifting Circuit and Method, have a multi-stage input or folded cascade receiver configu- 
havingSer. No. 09/211,496. ra tion ( AGP Design Guide Ref. 1.0, Section 1.4, pages 

15 25-30,) Such a differential input receiver may have advan- 

HELD OF THE INVENTION tages over conv entional single input Schmidt Trigger receiv- 

The invention relates generally to differential input ers since P° wer su PP l y noise ma Y be reduced. However, 

receivers and more particularly to integrated circuit differ- Doise on tne in P m signal may not be suitably filter, 

ential input receivers having some form of hysteresis. Moreover, it is difficult to combine single input Schimdt 

20 Trigger input receiver and the differential input receiver. 

BACKGROUND OF THE INVENTION Consequently, a need exists for an integrated circuit 

Graphics controller chips, like many integrated circuit differential input receiver that can accommodate an external 

devices, utilize CMOS, logic cores, and associated input/ reference voltage as an input and an input signal as another 

output (I/O) pads as part of their circuit makeup. I/O pads ^ in P ut whlle providing suitable noise reduction, 

include, for example, mput/output buffers coupled to a DESCRIPTION OF THE DRAWINGS 

common pad or pin. There is a constant challenge to ™tt U ^ 

continuously design smaller, faster and more complicated FIG. 1 is a circuit diagram of prior art Schmidt Trigger 

integrated circuits to provide increased functionality for input receiver. 

multimedia applications and other applications. Typically, 30 piG. 2a is a block diagram illustrating one embodiment of 

the logic core operates at a different supply voltage than the ail m t e g ra ted circuit differential input receiver in accordance 

I/O pads. For example, with logic cores having gate lengths with one embod i meil t of the invention, 

of 0.25 um and gate oxide thickness' of 50 angstroms, a core ™~ ,. ^ A . rLi . . 

, . , f u « e i* j- * FIG. 2d is a graphic representation of a hysteresis graph, 

logic supply voltage may be 2.5 volts. Corresponding supply & r r J & r 

voltages for the input/output pads, however, may be different 35 FIG - 3 * a drcuit digram representing one embodiment 

supply voltages such as 3.3 volts. However, future genera- of an integrated circuit differential input receiver in accor- 

tion chips require faster speeds and lower power dance with the invention. 

consumption, hence, lower supply voltages so that the I/O FIG. 4 is a circuit diagram illustrating one embodiment of 

pads can switch at faster frequencies. a reference voltage adjustment circuit in accordance with 

Also, integrated circuits must often provide compatibility 40 one embodiment of the invention, 

with older versions of interface circuity As a result an DETAILED DESCRIPTION OF A PREFERRED 

integrated circuit may require that the I/O pads operate a EMBODIMENT OF THE INVENTION 
either a 33 volt level, or for example, at a lower 1.5 volt 

level. The gate length and gate thickness of I/O pad tran- Briefly, an integrated circuit and method utilizes a differ- 

sistors must also typically be decreased to provide faster 45 ential input receiver having a first input that receives an 

circuits that draw less current. With multilevel supply input signal. A reference voltage adjustment circuit produces 

voltages, multi-gate oxide devices are often used to provide a variable reference signal for the second input of a differ- 

the requisite logic levels and overvoltage protection. ential input receiver. A feedback path is provided from the 

However, a problem arises when multi-gate oxide transistors output of the differential input receiver to an input of the 

are used on the same chip. Using differing gate oxide 50 reference voltage adjustment circuit. The reference voltage 

thickness" requires additional fabrication processes and, adjustment circuit dynamically varies the variable reference 

hence, results in higher fabrication costs. Moreover, the voltage signal to facilitate hysteresis. The variable reference 

larger gate oxide thickness can slow the device down voltage signal is lowered in the case of a high input signal, 

unnecessarily. For low voltage CMOS signaling, the input/ and raised in the case of a low input signal, 

output pad must also be designed to prevent static leakage 55 FIG. 2a shows an integrated circuit receiver 100 having a 

and prevent damage due to gate-source or gate-drain over- differential input receiver 102, a reference voltage adjust- 

voltage. ment circuit 104 and a feedback path 106. The integrated 

Input/output interfaces that receive high speed CMOS circuit receiver 100 receives an input signal 108 and outputs 

signals, such as I/O pad receivers may send false signals an output signal 110 to other core logic 112, such as a CMOS 

because of signal reflections, power or ground noise and 60 logic core for a graphics controller chip or other suitable 

other sources of noise. A conventional input receiver circuit integrated circuit. The integrated circuit receiver 100 also 

for such I/O interfaces uses a Schmidt Trigger receiver with receives a DC reference signal 114. A first input 116 of the 

hysteresis. One example is shown FIG. 1. As shown, a differential input receiver receives the input signal 108. The 

Schmidt Trigger receiver receives an input signal 12 which reference voltage adjustment circuit 104 produces a variable 

is coupled to a cascaded pair of pmos FET transistors 14 and 65 reference signal 118 for a second input 120 of the differential 

cascaded nmos FET transistor 16. Feedback transistors 18 input receiver 102. A feedback path 106 is provided from the 

and 20 provide hysteresis so that ambient noise on the input output of the differential input receiver 102 to provide input 
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to the reference voltage adjustment circuit 104. An enable 
signal 121 may also be used to enable and disable the 
reference voltage adjustment circuit 104, if desired. 

The reference voltage adjustment circuit 104 dynamically 
varies the variable reference voltage signal 118 downwards 
when the input signal 108 increases. Conversely, the vari- 
able reference voltage adjustment circuit 104 dynamically 
varies the variable reference voltage signal 118 upwards 
when the input signal 108 decreases. Referring to FIG. 2b, 
for example, when the input signal 108 switches from a low 
to a high, the variable reference voltage signal 118 is 
increased by a hysteresis factor (Au) and as the input signal 
108 switches from logic high to a logic low level, the 
variable reference voltage 118 is decreased by the hysteresis 
factor (Au). The hysteresis window is typically two times 
(Au). The reference voltage adjustment circuit 104 also 
includes an enable circuit that provides selective activation 
to the reference adjustment circuit based on the voltage level 
of the enable signal 121. The feedback path and correspond- 
ing reference voltage adjustment circuit effectively com- 
bines the advantages of a first differential stage which allows 
for common mode rejection, direct switching point control 
and other advantages, with hysteresis protection against 
input voltage glitches and power supply glitches. 

FIG. 3 shows one embodiment of the integrated circuit 
receiver 100 wherein the reference voltage adjustment cir- 
cuit 104 includes a variable impedance circuit 122 and an 
inverter 124. A variable impedance circuit 122 is part of a 
feedback path and has an output coupled to the input 120 of 
the differential receiver 102. The variable impedance circuit 
122 may be any suitable impedance varying circuit such as 
a variable resistor or any other suitable circuit. 

FIG. 4 shows one example of a variable impedance circuit 
122 having an nmos transistor 150 with a gate controlled by 
the enable signal 121. A source of the nmos transistor 150 is 
coupled to the input 118 of the differential receiver and has 
its drain operatively coupled to the output signal 110 from 
the differential receiver 102. When the enable signal 121 is 
a logic high level, the nmos transistor 150 and pmos 
transistor 152 are turned on and the value of the output 
signal 110 determines the amount of resistance or current 
flow to the nmos transistor 150 and 152. The inverter 154 
serves to also turn on transistor 152 when the enable signal 
is in a logic high level. As such, the amount of current flow 
and impedance varies to vary the reference voltage 118 
depending upon the output signal. 

As previously noted, the operation of the system shown in 
FIG. 2a operates such that a differential input receiver 
receives an input signal. The circuit produces a variable 
reference signal for a second input of the differential 
receiver. The circuit provides a feedback path from an output 
of a differential input receiver to an input of a reference 
voltage adjustment circuit. They system dynamically varies 
the variable reference voltage signal downwards when the 
input signal increases and varies the variable reference 
voltage signal upwards when the input signal decreases. The 
above identified circuit may be of any suitable form includ- 
ing a combination of hardware and software, programmable 
logic or any other suitable mechanism. 

It should be understood that the implementation of other 
variations and modifications of the invention in its various 
aspects will be apparent to those of ordinary skill in the art, 
and that the invention is not limited by the specific embodi- 
ments described. It is therefore contemplated to cover by the 
present invention, any and all modifications, variations, or 
equivalents that fall within the spirit and scope of the basic 
underlying principles disclosed and claimed herein. 
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What is claimed is: 

1. An integrated circuit receiver comprising: 

a differential input receiver having a first input that 
receives digital input signal; 

5 a reference voltage adjustment circuit, operatively 
coupled to a second input of the differential input 
receiver that produces a variable reference signal to the 
differential input receiver and wherein the reference 
voltage adjustment circuit is responsive to an enable 

10 signal to provide selective activation of the reference 
voltage adjustment circuit; and 
a feedback path from an output of the differential input 
receiver to an input of the reference voltage adjustment 
circuit wherein the reference voltage adjustment circuit 

15 dynamically varies the variable reference voltage sig- 
nal to facilitate hysteresis. 

2. The receiver of claim 1 wherein the reference voltage 
adjustment circuit dynamically varies the variable reference 
voltage signal downwards when the input signal increases 

20 and varies the variable reference voltage signal upwards 
when the input signal decreases. 

3. The receiver circuit of claim 1 wherein the reference 
voltage adjustment circuit includes a variable impedance 
circuit operatively coupled as part of a feedback path from 

25 the output of the differential input receiver to the second 
input of the differential receiver. 

4. The receiver circuit of claim 1 wherein the reference 
voltage adjustment circuit includes: 

an nmos transistor having a gate controlled by an enable 
signal, a source operatively coupled to the second input 
of the differential receiver and a drain operatively 
responsive to the output signal from the differential 
input receiver; 

3S a pmos transistor having a gate operatively controlled by 
an inverted enable signal, a source operatively coupled 
to the second input of the differential input receiver, and 
a drain operatively responsive to the output signal from 
the differential input receiver; and 

4Q an inverter having an input operatively coupled to receive 
the enable signal and an output operative to output the 
inverted enable signal. 

5. An integrated circuit receiver comprising: 

a differential input receiver having a first input that 

45 receives a digital input signal; 

a reference voltage adjustment circuit, operatively 
coupled to a second input of the differential input 
receiver that produces a variable reference signal to the 
differential input receiver, operatively responsive to an 

50 enable to provide selective activation of the reference 
voltage adjustment circuit; and 
a feedback path from an output of the differential input 
receiver to an input of the reference voltage adjustment 
circuit wherein the reference voltage adjustment circuit 

55 dynamically varies the variable reference voltage sig- 
nal to facilitate hysteresis, wherein the reference volt- 
age adjustment circuit dynamically varies the variable 
reference voltage signal downwards when the input 
signal increases and varies the variable reference volt- 

60 age signal upwards when the input signal decreases; 
wherein the reference voltage adjustment circuit 
includes a variable impedance circuit operatively 
coupled as part of the feedback path from the output of 
the differential input receiver to the second input of the 

65 differential input receiver. 

6. Hie receiver circuit of claim 5 wherein the reference 
voltage adjustment circuit includes: 
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an nmos transistor having a gate controUed by an enable 
signal, a source operative ly coupled to the second input 
of the differential receiver and a drain opera lively 
responsive to an output signal from the differential 
receiver; 5 

a pmos transistor having a gate operatively controlled by 
an inverted enable signal, a source operatively coupled 
to the second input of the differential transceiver, and a 
drain operatively responsive to the output signal from 
the differential receiver; and 10 

an inverter having an input operatively coupled to receive 
the enable signal and an output operative to output the 
inverted enable signal. 

7. A method for receiving a signal using an integrated 
circuit receiver comprising the steps of: 

receiving a digital input signal by a differential input 
receiver having a first input; 

producing a variable reference signal for a second input of 
the differential input receiver; 



15 



providing selective activation of a reference voltage 
adjustment circuit; and 

providing a feedback path from an output of the differ- 
ential input receiver to an input of the reference voltage 
adjustment circuit, wherein the reference voltage 
adjustment circuit dynamically varies the variable ref- 
erence voltage signal to facilitate hysteresis. 

8. The method of claim 7 including dynamically varying 
the variable reference voltage signal downwards when the 
input signal increases and varying the variable reference 
voltage signal upwards when the input signal decreases. 

9. The method of claim 8 including varying an impedance 
that is operatively coupled as part of a feedback path from 
an output of the differential input receiver to the second 
input of the differential receiver. 
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